ABSTRACT
Introduction
Cigarette smoke is a complex mixture of chemicals produced by the burning of tobacco and additives. The smoke contains compounds of different physicochemical natures and degrees of harmfulness. Some of these compounds cause heart and lung diseases, and all of them can be deadly (Brook et al., 2004) . The cause distribution of mortality due to smoking in South Africa is similar to that found in developing countries, such as China and India, with the exception of respiratory conditions (Groenewald et al., 2007) . In South Africa, chronic obstructive pulmonary disease accounts for a smaller proportion of tobacco-attributable mortality (18%) than in developing countries (27%), and other respiratory diseases and respiratory tuberculosis account for a larger proportion (20% vs 13%). In terms of the overall deaths in South Africa, Groenewald et al. (2007) estimated that about 8.5% of all deaths in 2000 could be attributed to smoking. Accordingly, smoking ranked third (after unsafe sex/ sexually transmitted diseases and high blood pressure) in terms of mortality among 17 risk factors evaluated. Sitas et al. (2004) also estimated that about 8% of all adult deaths (> 25 yrs) were caused by smoking in 1998. Environmental tobacco smoke, also known as passive smoking or second hand smoke, occurs when non-smokers inhale other people's tobacco smoke. This includes mainstream smoke (i.e. smoke that is inhaled and then exhaled into the air by smokers) and sidestream smoke (i.e. smoke that comes directly from the burning tobacco in cigarettes). Environmental tobacco smoke contains the same harmful chemicals as the smoke that smokers inhale. Recently, the documented adverse effect of tobacco smoke components on so called passive smokers has been very strongly emphasised (Bjørn & Nielsen, 1996; Hanke et al., 1999; Repace, Kawachi, & Glantz, 1999; Witorsch, 1998) .
There is strong evidence that environmental tobacco smoke causes serious damage to human health. Several epidemiological investigations (see, for example, Bennett et al., 1999; Environmental Protection Agency, 1992; Fontham et al., 1994; Malats et al., 2000; Miller et al., 2003; National Cancer Institute, 2007) have demonstrated that environmental tobacco smoke contributes to the following health effects: carcinogenic (lung and nasal sinus cancer), cardiovascular (heart disease mortality, acute and chronic coronary heart disease morbidity), respiratory (in children: acute lower respiratory tract infections, asthma induction and exacerbation, chronic respiratory symptoms, middle ear infections; in adults: eye and nasal irritation), and developmental (foetal growth: low birth weight or small for gestational age, sudden infant death syndrome). The effects associated with environmental tobacco smoking exposure include cervical cancer, exacerbation of cystic fibrosis, decreased pulmonary function, spontaneous abortion and an adverse impact on cognition and behaviour (National Cancer Institute, 2006) .
Bearing all this in mind, all possible aspects of passive tobacco smoke as well as actions aimed at reducing related effects have been markedly intensified during recent years. Both the public and private sectors have acted to help decrease smoking-related deaths and illnesses in South Africa. Since 1993, health warnings have been required on all cigarette packages. Parliament banned cigarette advertising on TV and radio in 1999. The Tobacco Control Act of 1993 restricts smoking in certain public places. These regulations range from simple restrictions, such as designated areas in government buildings, to laws that ban smoking in all public places and workplaces. Taxes on cigarettes have risen in recent years to discourage young people from starting to smoke and to encourage smokers to quit (National Cancer Institute, 2007) .
Though there has been growing concern by government and non-government organisations about potential adverse health effects related to exposure to environmental tobacco smoke, public awareness is not high when compared to other health problems (like malaria and tuberculosis). Brundtland (2000) , the then Director General of the World Health Organization (WHO), noted that by 2030, unless the world takes preventative measures, tobacco will kill more people than malaria, tuberculosis and maternal and childhood conditions combined. Appropriate awareness assessment is crucial, since the health effects of environmental tobacco smoke are likely to be perceived as small in magnitude. Appropriate awareness assessment is also needed for inferring causality and for risk assessment. In addition, exposure assessment is obviously necessary for the development of preventive measures.
The purpose of this study was to assess people's awareness of health warnings regarding the harmful effects of smoking in South Africa. In particular, the researchers investigated which social or demographic groups are more aware of government health warnings on the harmful effects of environmental tobacco smoke. Such a study provides a first step to epidemiologists, health-related field specialists and public well-being advocators/organisations for appropriate intervention for a targeted group of people. Such a targeted approach is absolutely essential in a society like South Africa where there is immense socio-demographic disparity.
Materials and Methods
South African adults' perceptions of the health effects of nicotine and cigarettes were surveyed by means of a series of interviewer-administered questionnaires conducted by fieldworkers of the HSRC through omnibus surveys in October 1996. This survey was conducted after the implementation of the Tobacco Control Act of 1993. The population was stratified by type of area within Gauteng. The sample allocation to the resulting strata was done proportionally to the 1991 census figures. Multistage cluster sampling with probability proportional to size was used to draw respondents, with the adjusted 1991 population census figures as a measure of size. Census enumeration areas and similar areas were used as the clusters. There were 40 clusters in total in Gauteng. The clusters that constituted the data are considered to be a random selection of clusters from all the clusters in Gauteng. A random selection of respondents was then drawn from the clusters, for example, there were four respondents from cluster 1. All clusters were drawn with a probability proportional to size, whilst households were drawn from the final clusters with equal probability. One respondent aged 18 years or older was selected from each household by applying a grid. For each selected respondent, a sampling weight was calculated, using the stratification variables of province and type of area and by post-stratification for age, gender, education and race. Respondents in the survey were asked to recall a number of anti-smoking messages which appeared as warning messages on cigarette advertisements. The sample size of 343 was chosen by the HSRC surveyors. The surveyed variables were race, sex, marital status, socio-economic status, smoking status, age, awareness of the link of smoking (to cancer, heart disease and lung disease) and education level.
The current data study population consisted of Gauteng residents only. Gauteng is one of the nine provinces in South Africa; it is highly urbanised and considered to be the economic powerhouse of the Southern African region whilst also being home to South Africa's largest cities, namely, Johannesburg and Pretoria. Using a census enumeration frame, a random sample of 343 respondents was drawn. Respondents in the survey were asked to recall the number of anti-smoking messages which appeared as warning messages on cigarette advertisements. There were at least nine different warning messages on South African cigarette packages, and advertisements shown on radio and television, and in cinemas, newspapers, magazines, billboards, posters in shops and pamphlets. The most common warning messages were: (a) Danger : Only people who were 18 years or older were included in the study. For each respondent the total number of messages spontaneously recalled was noted. The socio-demographic variables categories were encoded as race (black, coloured, Indian and white), sex (male and female), age (< 25 yrs, 25-54 yrs and 55+ yrs), socio-economic status (lower class, middle class and upper class), marital status (married or not married), smoking (non-smoker or smoker), and educational level on a 4-point scale (primary, secondary, higher secondary and university). It should also be stated that ex-smokers were categorised as nonsmokers in this survey as the smoking variable only involved the two categories. In other words, the survey only concentrated on respondents' current smoking status.
A generalised linear model (GLM) analysis was carried out to investigate the demographic and socio-economic factors affecting respondents' awareness of health warnings on the harmful effects of smoking. Since the response variable of interest, which is the total number of messages spontaneously recalled, was a count data, it may not be reasonable to assume that the data were normally distributed. As a result the traditional linear model is not applicable. A GLM extends the traditional linear model to a wider range of data analysis problems (normal, inverse Gaussian, gamma, Poisson, binomial) and a function can be used to link the expected response mean and a linear function of the explanatory variables. In short, a GLM can be constructed by choosing an appropriate link function and response probability distribution (McCullagh and Nelder, 1989; Dobson, 2001; Agresti, 2002) .
The best known GLMs for count responses assume a Poisson or a negative binomial distribution. The Poisson distribution has a positive mean. Although a GLM can model a positive mean using identity link, it is more common to model the log of the mean. The log link is particularly attractive for a Poisson or a negative binomial regression because it ensures that all the predicted values of the response variable will be nonnegative. Detailed discussion about Poisson GLMs can be found in Lindsey (1995) and Agresti (2002) . The Poisson regression restricts the response variable to have mean-variance equality. If this assumption is violated, the resulting estimates are consistent, but, estimates of the variance are not. It can result in spuriously small standard errors of the estimates (Barron, 1992) . These inconsistent variance estimates invalidate any hypothesis testing.
Either the deviance or Pearson Chi-square divided by the degree of freedom is used to detect overdispersion or underdispersion in the Poisson regression (SAS Institute, 2004) . Values greater than 1 indicate overdispersion, that is, the true variance is bigger than the mean, whereas values smaller than 1 indicate underdispersion, that is, the true variance is smaller than the mean. Evidence of underdispersion or overdispersion indicates inadequate fit of the Poisson model. Overdispersion can be tested for with a likelihood ratio test based on the Poisson and negative binomial distributions. This test tests equality of the mean and the variance imposed by the Poisson distribution against the alternative that the variance exceeds the mean (Cameron & Trivedi, 1998) .
The usual method of controlling for overdispersion involves correcting the standard errors and test statistics (Agresti, 2002) . Although this adjustment is an improvement over a conventional Poisson regression, the coefficients lack efficiency because they have more sampling variability than is necessary (Allison, 1999 ). An alternative strategy for analysing count data, which avoids the problems inherent with the Poisson regression overdispersion/ underdispersion, is to fit a negative binomial regression model (Agresti, 2002; Allison, 1999) . All the analyses of this study were carried out using the SAS 9.1.
Results

Descriptive results
The sample consisted of 45% men and 55% women. The respondents ranged in age from 18 to over 55 years. Most of them were married (63%). The highest attained level of education was university (24%). The lowest level of education was primary level education (12%). In terms of race, the respondents were 46% blacks, 43% whites, 7% Indians and 4% coloured. About 32% of the respondents were active smokers; and the remaining 68% were non-smokers. In terms of socio-economic status, 59% of the respondents were from higher class and 28% from middle class. Also the age ranges of the respondents were 18 to 24 yrs (14%), 24 to 55 yrs (69%) and over 55 years (17%).
The number of anti-smoking messages recalled ranged from 0 to 9 with a mean of 3.09 (variance of 5.99), and a median of 3.00. The distribution of the number of messages recalled presented in Figure 1 is skewed to the right. In other words, few respondents recalled five or more messages. The modal number of messages recalled was one message (22.7%) followed by three messages (21%). The descriptive results from the survey are presented in Table 1 . The results indicate that Indians and blacks have the highest mean number of messages recalled, whilst males have a slightly higher mean number of messages recalled. The younger respondents (< 25 yrs) have the higher mean number of messages recalled when compared to the oldest age group (+55 yrs) who have a lower mean number of messages recalled. The socio-economic group reveals that the lower and higher classes have a close mean number of messages recalled of 3.30 and 3.17. The not currently married group has a higher mean number of messages recalled as compared to the married group. The smoker and nonsmoker groups have an almost equal mean number of messages recalled. An increasing trend in the mean number of messages recalled is seen as the level of education increases from the primary education group to the university education group. 
Statistical model results
Turning first to the main effects model, Table 2 shows the results of the Poisson regression fit statistic in explaining the number of anti-smoking messages recalled. For the Poisson model the Pearson Chi-square values and deviance divided by the degrees of freedom are significantly larger than 1. But for the negative binomial model, both the Person Chi-square and deviance ratios are sufficiently close to 1, indicating that the negative binomial model fits the data well, whereas the Poisson model does not. The formal test for significance of overdispersion, the log-likelihood ratio, which is -2 × (log-likelihood of Poisson regressionlog-likelihood of negative binomial regression), is computed. The log-likelihood ratio becomes 63.03, which corresponds to a p-value < 0.00001, giving evidence of overdispersion. Evidence of overdispersion indicates inadequate fit of the Poisson model. A common correction is to estimate the event count using negative binomial regression, which is a generalisation of the Poisson model. In the analyses discussed below, the negative binomial specification is used.
It is reasonable to assess the magnitude of the effect of several factors acting jointly over and above their effects considered separately. In other words, the extent to which the effect of one factor changes for different values of one or more other factors needs to be measured, this is called the interactions effect.
The significance of the interactions effects were looked at by adding them into the main effects model one at a time and retaining the significant interactions. Accordingly, all the three-way and higher-level interactions effects were obtained non-significant. From the two-way interactions only socio-economic status and smoking, and socio-economic status and sex were significant. The interaction plots were also used to assess the effect a pair of factors has on the response by plotting, for each value of one of the factors, a line between the mean response at the low level of the other factor to the mean response at the high level. An interaction effect is indicated when the lines for different levels of the first factor have unequal slopes. The plots in Figure 2 confirm the presence of interactions socio-economic status and smoking, and socio-economic status and sex. The first plot reveals that for the smoking category the mean number of messages recalled increases as their socio-economic status increases from the lower to the upper class. But for the non-smoker category the mean number of messages recalled decreases as their socio-economic status increases from lower to middle class while the mean number of messages recalled increases as their socio-economic status increases from middle to upper class. The second plot indicates a decrease in the mean number of messages recalled from the males to the females in each of the socio-economic status classes, namely, upper, middle and lower.
Figure 2 The interaction plots
The researchers rechecked if the overdispersion problem in the Poisson regression was eliminated if they used stratified Poison models by smoking status. Accordingly, the log-likelihood ratios 4.03 (p = 0.045) and 55.76 (p < 0.00001), for smoker and non-smoker strata respectively, favoured the negative binomial regression with interaction instead of the stratified Poisson regression. The results from the negative binomial regression analysis are presented in Table 3 . If the confidence interval includes 1, then the result is non-significant and can be interpreted as the mean number of anti-smoking messages recalled at the given category equals the mean response at the reference category. When controlling for sex, age, marital status, education and interaction variables, blacks and Indians had the highest anti-smoking messages recalling rate (RR = 1.32 and 1.47 respectively) compared with whites. The coloured race groups showed anti-smoking messages recalling rate similar to the whites.
For a given race, age, socio-economic status, marital status, smoking and marital statuses, the anti-smoking massage recalling rate for the primary and secondary educated people was around two-thirds (RR = 0.68 and 0.68, respectively) of the anti-smoking recalling rate of university level educated people. Generally, the average number of recalled anti-smoking messages increases with level of education.
A highly significant association was found between socio-economic status and smoking (Chi 2 = 13.17, df = 2 and p = 0.014). Lower and middle class nonsmokers' anti-smoking awareness rate is similar to non-smoker upper socioeconomic groups. But the lower socio-economic class smokers' anti-smoking message recalling rate is half that of upper socio-economic class smokers. Generally, non-smokers' anti-smoking messages recalling rate is independent to their level of income. But smokers' anti-smoking messages recalling rate increases with an increase in their income.
Men and women's anti-smoking messages recalling rate varies with socioeconomic status. Lower, middle and upper socio-economic class men have a fairly similar recalling rate. But women's anti-smoking message recalling rate increases with income. Men and women's anti-smoking messages recalling rate is associated with their socio-economic status (Chi 2 = 6.32, df = 2 and p = 0.0424). Women's anti-smoking message response rate increases with their income, but men's recalling is stable with the variation of their income. When seen from the other angle, it is found that lower socio-economic class men's recalling rate is 1.79 (with 95% CI: 1.12-2.85) times the lower socio-economic class women's recalling rate. But for the other two socio-economic classes, men and women did not show a significant difference.
Discussion and Conclusion
The issue of health warnings related to smoking is an ongoing campaign and its intended effect has been achieved in certain parts of the world. Nevertheless, people's mind sets need to be constantly fashioned via effective communication, and health warnings related to smoking need to be constantly advertised. The above findings show that marital status and age are non-significant factors for anti-smoking awareness. There is a significant difference between the different races with respect to the number of health warning messages recalled (Chi 2 = 8.81, df = 3 and p = 0.0320). Blacks and Indians' warning messages response rate is higher than that of whites; coloureds show an anti-smoking messages recalling rate similar to that of whites. This result is perhaps a reflection of the societal acceptance of smoking. Within the black and Indian communities, there is a low social acceptability of smoking. On the other hand, among coloureds and whites, smoking is a fairly accepted personality.
Respondents with a lower level of education are more likely to say they are not at all aware of the harmful effects of smoking. This is not surprising, since almost all smoking warning messages are written messages. The messages are not like the commercial adverts which appeal to most people's eyes. In other words, whilst everyone from those with lower education levels to those with higher education levels is exposed to the dangers of smoking, the written health warning messages on cigarette packages may be overshadowed by the packaging of the cigarette or the acceptability or smoking within the ingroup.
The findings show that smokers' response is associated with their economic status. The lower socio-economic class smokers do not recognise the harmful effects of cigarette smoke as non-smokers do. The lower socio-economic class non-smokers' average number recalled messages is 2.5 times that of the lower socio-economic class smokers (RR = 2.5, with 95% CI 1.47-4.11). One possible interpretation of these results is that lower socio-economic class smokers are smoking cigarettes with more ignorance of the danger of smoking than the upper and middle socio-economic class smokers. However, the middle and upper socio-economic class non-smokers' average number recalled messages is similar to the corresponding class smokers (RR = 1.01 with 95% CI: 0.68-1.50 and RR = 0.88 with 95% CI: 0.70-1.10). Also smokers' anti-smoking messages recalling rate increases with the increase of their income. One possible interpretation of these results is that lower socio-economic class smokers are smoking cigarettes with more ignorance of the danger of smoking than upper and middle socio-economic class smokers. Moreover, smokers from the lower socio-economic class are more likely to be unaware of the harmful effects of smoking than the non-smokers of the same socio-economic group.
Women seem to pay more attention to health hazards associated with smoking and diseases as their economic standards improves. The same trend is observed with smokers. This might show that the health warning messages are not well received (or conceived) by lower socio-economic class smokers and lower socioeconomic class women.
The other important result reflected in this study is the importance of education for a healthy and well informed society. Given that the South African illiteracy rate is around 24% of adults over 15 years (6 to 8 million adults are not functionally literate) and the majority of the people are in the lower socioeconomic class, the challenges and future directions of this study are on how to enhance public awareness of the health effects of nicotine and cigarettes to all sectors of the society.
